A study of 90 patients with left ventricular hypertrophy revealed a typical configuration of the spatial vectorcardiogram in most of the subjects. Typically the QRS stY-loop was smooth, wide and rounded, inscribed in a counterclockwise direction and placed largely to the left and above the isoelectric point in its frontal plane projection. The left sagittal plane projection of the QRS stY-loop was long, narrow and directed largely upward and posteriorly. The typical T stY-loop was small, smooth, horseshoe-shaped and counterclockwise in inscription in both frontal and left sagittal plane projections. In some instances the QRS stY-loop was similar to that of the normal but was always accompanied by an abnormal T sti-loop.
T HE electrocardiographic features of left ventricular hypertrophy are frequently not clearly separable from those produced by cardiac position and by abnormalities of the myocardium other than hypertrophy. On the other hand, subjects demonstrated to have left ventricular hypertrophy by other methods of examination may have a normal electrocardiographic configuration of the QRS complex with or without T-wave abnormalities. The following study was undertaken to provide a description of the spatial vectorcardiogram in left ventricular hypertrophy recorded with the equilateral tetrahedron reference system and to investigate its possible role in making these distinctions. Others have studied left ventricular hypertrophy with other reference frames. '-5 MATERIALS AND METHODS The 90 patients with left ventricular hypertrophy studied ranged in age from 27 to 80 years, and 70 were male and 20 female. Evidence for left ventricular hypertrophy was essentially indirect since only five cases have been followed to autopsy thus far ( The standard leads, V, through V,, unipolar limb leads and a unipolar lead from the back and bipolar leads from the back electrode and each of the other electrode positions defining the equilateral tetrahedron were recorded shortly after the vectorcardiograms. Proper pairs of leads were recorded simultaneously, so that any portion of any lead could be temporally oriented with respect to any other lead. Details of the methods of recording have been published previously.6
The vectorcardiograms were analyzed to determine the location of approximate areas of the QRS and T st~-loops in the frontal and left sagittal planes, the contour and direction of inscription of these loops and the spatial relationship of junction J to the isoelectric point. Measurements HD, syphilitic heart disease. 
DISCUSSION
An attempt to explain the shape of the QRS s]e-loop typically found in left ventricular hypertrophy may begin with consideration of the direct effect of increased left ventricular muscle mass on the mean instantaneous pathway of depolarization. The finding of a QRS s]e-loop which is traced first slightly downward and forward and which ultimately completes a wide elliptoid configuration directed leftward, upward and posteriorly is in accord with the conventional concept that the intensity and duration of the process of depolarization is, within limits, proportional to the thickness of the muscle mass through which it moves. Contributing to this configuration may be an indirect effect of increased left ventricular mass, namely, rotation of the heart which is usually in a counterclockwise direction as viewed from the apex.
The positions of the heart within the chest with its variations during cardiac and respiratory cycles, variations in electrical conductivity of the extracardiac tissues and other factors were probably responsible for the de- ceptively wide variations in the configurations of the plane projections of the QRS se~-loop as well as the other components of the spatial vectorcardiograms. Careful examination revealed that many of the differences were only apparent and were in fact the result of visualizing single plane projections thus re-emphasizing the necessity to observe the vectorcardiogram in three dimensions.
There are several possibilities to be considered as to the underlying mechanisms producing displacement of junction J to the right of and anterior to the isopotential point in left ventricular hypertrophy: (1) prolonged depolarization; (2) early but normal repolarization; (3) early but abnormal repolarization and (4) any combination of these factors. Examination of the electrocardiograms of patients with left ventricular hypertrophy reveals that the downstroke of the R passes through the baseline en route to J, but inspection of the spatial vectorcardiogram readily demonstrates that the last portion of the QRS does not pass through the isoelectric point in space. Because the QRS sJI-loop usually arrives at neither J nor the isoelectric point within 0.08 second, it is evident that depolarization is longer than usual and that early repolarization (either normal or abnormal) is not the only factor involved in the spatial displacement of J. Although the reasons for the anterior and dextral displacement of junction J are not known and although the initial forces of repolarization may form the major contribution, certain regions of late depolarization may possibly contribute to this displacement including (1) the posterobasal portion of the left ventricle, overlap of depolarization and repolarization may possibly account for some of its reduction in size as compared with that of the normal.
In general, the T sf1-loops and QRS sf1-loops were oriented in opposite directions. This most likely represents a change in the order of repolarization from the normal.
Examination of the 28 records with normal appearing QRS sf1-loops disclosed several interesting facts. First, this group accounted for 14 of the 19 instances of clockwise inscription of the QRS sE-loop in its frontal plane pro- jection. Ten of these with clockwise inscriptions were of the type 1 normal configuration but 8 of these 10 (as well as one of the two clockwise transitional loops) showed a slight uptwist of the distal tip of the otherwise normally-directed QRS sf1-loop. It is possible that this may be one of the earliest indications of left ventricular hypertrophy noted in the vectorcardiogram and suggests the manner of change from the usual normal clockwise rotation of the loops to the typical counterclockwise rotation of the loop in left ventricular hypertrophy (figs. 1 and 4). Thus as hypertrophy develops and the mass of muscle situated to the left and posteriorly increases, the distal position of the QRS sf1-loop is directed upward and posteriorly. The reason that this distal rotation is not seen in the loops which resemble the normal type 2 loops may be due to the fact that these latter loops already bear some resemblance to the QRS sf1-loop in left ventricular hypertrophy in being wide and some-times inscribed in a counterclockwise direction in the frontal plane projection ( fig. 3c ). Sec- ondly, despite the obvious lack of left axis deviation, the electrocardiograms of 24 of the 28 subjects were suggestive of left ventricular hypertrophy by conventional electrocardiographic criteria. Since these criteria include slight widening of the QRS complex and an intrinsicoid deflection beginning 0.04 second or more after the onset of the QRS, the electrocardiogram has an apparent clinical advantage over the vectorcardiogram as the latter does not readily show such temporal relationships or close correlation with the semidirect leads.
The T sf1-loops, however, were abnormal in size, shape and direction in the 20 records in which they were satisfactory for analysis. The spatial pattern of the T sf1-loops was similar to that seen in the more typical records showing left ventricular hypertrophy. Finally, there was pathologic confirmation of the hypertrophy in two members of this group; each heart weighed 600 Gm. with left ventricular thicknesses of 1.8 and 2.0 cm., re- 
spectively.
There are several possible explanations for the normal appearance of 28 of the QRS sf1loops. As has been mentioned they may have represented an early stage in the development of the typical left ventricular hypertrophy pattern. It is also possible that concomitant right ventricular hypertrophy could have balanced the spatial forces and maintained a normal appearing resultant QRS sf1-loop.
Other possible factors which may have contributed to the normal appearance of the loops but which could not be evaluated were: (1) changes in the order of depolarization such that the resultant vector forces produced a recorded QRS sf1-loop of normal appearance, (2) spatial cardiac position and (3) electrical field effects due to the extracardiac tissue either related to or independent of hypertrophy.
No significant correlation of the configuration of the QRS sf1-loop with the etiologic type or clinical severity of heart disease was found.
All 12 subjects who had QRS sf1-loops which were similar to the type 1 normal loops had hypertensive and/'or arteriosclerotic heart disease. However, the group was not large enough for satisfactory analysis. It has been proposed that the vectorcardiogram might suggest the diagnosis of left ventricular hypertrophy in instances where the electrocardiogram failed to do so.8 9 Because, with very few exceptions, electrocardiographic evidence of left ventricular hypertrophy was included among the criteria for selection of cases in this report, this problem cannot be investigated adequately with these data. In fact, as noted, there were instances in this series in which the converse was true. SUMMARY 1. The spatial vectorcardiograms in 90 subjects with left ventricular hypertrophy have been studied and described.
2. The configuration of the spatial vectorcardiogram in left ventricular hypertrophy was usually different from the normal. Typically the QRS sf]-loop was smooth, wide and rounded, inscribed in a counterclockwise direction and placed largely to the left and above the isoelectric point in its frontal plane pro- jection. The left sagittal plane projection of the QRS sF1-loop was long, narrow and directed largely upward and posteriorly. The typical T sf1-loop was small, smooth, horseshoe- shaped and counterclockwise in inscription in both frontal and left sagittal plane projections. In some instances the QRS sf1-loop was similar to that of the normal but was always accompanied by an abnormal T sfi-loop. 3 . Concepts as to the genesis of the typical and variant configurations of the vectorcardiogram in left ventricular hypertrophy have been discussed.
